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We are interested in identifying molecular signaling pathways
that regulate axon growth in the developing and regenerating
vertebrate nervous system. The goal of this study is to identify gene
regulatory elements that are targets of these signaling pathways.
We have previously shown that a 3.6 kb fragment from the 5′ gene
regulatory sequence of Fugu gap43 is sufﬁcient to drive neuron-
speciﬁc reporter gene expression in the developing and regenerat-
ing zebraﬁsh nervous system. A 2.9 kb deletion from the 5′ end of
this sequence has shown that the remaining 708 bp reporter gene
drives expression in developing but not regenerating neurons.
These results indicate that the 2.9 kb region contains elements that
are necessary for regenerative expression. We are interested
identifying the regulatory elements in this 2.9 kb fragment that
are necessary for driving regenerative expression in the zebraﬁsh
CNS. To this end we have created stable transgenic reporter
zebraﬁsh in which one or more segments encompassing distal,
intermediate, and/or proximal conserved gap43 promoter sequences
have been deleted. Preliminary analysis of developmental expres-
sion in F1 progeny from these lines has shown that the deletions
result in changes to the expression pattern in both a global and
regional manner in the developing nervous system. We are in the
process of characterizing reporter gene activity in regenerating
neurons in the adult CNS.
doi:10.1016/j.ydbio.2008.05.363
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The transcriptional repressor REST regulates Sonic Hedgehog
signaling during zebraﬁsh development
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The spatial and temporal control of gene expression is key to
generation of speciﬁc cellular fates during development. Studies of
the transcriptional repressor REST/NRSF (RE1 Silencing Transcription
factor or Neural Restrictive Silencing Factor) have provided
important insight into the role that epigenetic modiﬁcations play
in differential gene expression. REST binds to a 21 base pair
element, the RE1 site, that is associated with hundreds of neural
genes. REST recruits co-repressor complexes involved in chromatin
condensation, leaving target genes less accessible to transcriptional
activators. Initially, REST was shown to repress expression of neural
genes in non-neural tissue, but recent studies reveal a role for REST
in regulating gene expression within the nervous system. However,
the precise function of REST in neurogenesis is not well understood.
We are investigating REST function using zebraﬁsh embryos and
have discovered a novel interaction between REST and the Sonic
Hedgehog (Shh) pathway. We found that REST is a negative
regulator of Shh signaling. While REST morphants show a modest
increase in Shh target gene expression, they are hypersensitive to
exogenous Shh. Likewise, overexpression of REST mRNA counteracts
Shh overexpression effects. Epistatic analysis has revealed that REST
interacts with the Shh pathway at a step downstream of PKA.
Studies to determine the precise mechanism of regulation of Shh
signaling by REST are ongoing. The role of REST as an inhibitor of
Shh signaling is not limited to the nervous system and has broad
implications for many developmental contexts where Shh plays a
key role.
doi:10.1016/j.ydbio.2008.05.364
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DUSP4 is a member of the dual speciﬁcity protein phosphatase
subfamily that inactivates MAP kinases by dephosphorylating
phosphoserine/threonine and phosphotyrosine residues. We found
that maternal dusp4 is ubiquitously expressed whereas zygotic
dusp4 marks marginal precursors of mesoderm and endoderm. At
the late gastrula stage dusp4 is expressed in the dorsal forerunner
cells. To determine the function of zygotic DUSP4, embryos were
injected with morpholino oligonucleotides that block mRNA splicing.
On day two, DUSP4 morphants display small and necrotic heads,
indicating an essential role for DUSP4 in anterior development.
Morphants also display short axes and curved tails. An independent
splice-blocking MO targeting dusp4 yielded indistinguishable results.
We could rescue these defects by co-injection of dusp4 mRNA.
Interestingly the phenotype could also be rescued by co-injection of
a P53 MO, indicating an epistatic relationship between p53 and
dusp4. Given dusp4's expression in the margin, we investigated the
expression of mesoderm and endoderm markers in DUSP4 mor-
phants. We observed reduced expression of the late endoderm
marker sox17, while the expression of other late and early endoderm
markers remained intact. Co-injection of the p53 MO also rescued
sox17 expression. Our results indicate that DUSP4 has an essential
role in anterior development and late endoderm speciﬁcation and
that these functions are mediated by p53.
doi:10.1016/j.ydbio.2008.05.365
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Kohtalo (kto) encodes the protein Trap230, a component of the
general transcriptional mediator complex. Interestingly, rather than
being defective in all transcriptional activation, zebraﬁsh kohtalo
mutant embryos show speciﬁc defects in brain, kidney and neural
crest development. Neural crest cells are a multipotent population of
cells that migrate to diverse regions of the embryo where they
differentiate into a wide range of derivatives including neurons and
support cells of the peripheral nervous system, pigment cells,
craniofacial cartilage and bone, smooth muscle and subregions of
the heart. Trap230 has previously been shown to interact with, and act
as a co-activator of Sox9, an important regulator of neural crest deve-
lopment. In this work we have cloned the Xenopus Kohtalo homolog.
Putative translation shows the protein shares 74% identity with the
zebraﬁsh sequence. RT-PCR analysis indicates that XKto is maternally
expressed and in situ hybridization shows ubiquitous dorsal expres-
sion early in development. At stage 13, XKto becomes apparent in the
developing neural crest cells at the neural plate border. Expression
remains strong in the neural crest cells as they undergo migration and
by tailbud stages XKto is seen throughout trunk neural crest and
pharyngeal arches. Morpholino oligonucleotide depletion of XTrap230
results in perturbation of neural crest migration. This is similar to the
mutant and morphant phenotypes seen in zebraﬁsh embryos. The
availability of the Xenopus gene will complement our studies with
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zebraﬁsh and allow further comparative functional analysis of
Trap230 and its role in the migration of this vertebrate-speciﬁc
population of neural crest cells.
doi:10.1016/j.ydbio.2008.05.366
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A Tol2 transposon-mediated gene/enhancer trap was previously
used to generate transgenic zebraﬁsh lines that express Gal4-VP16 in a
tissue-speciﬁc manner and activate reporter genes under control of
multicopy upstream activating sequences UAS (Davison et al., 2007).
Gal4 mutations that are temperature-sensitive (ts) in yeast and Dro-
sophila also function in zebraﬁsh. By assaying for optimal temperature
regulation, we aim to devise methods to modulate Gal4 activity in
vivo. We generated a variety of UAS regulated reporter/effectors that
in conjunction with the Gal4 driver lines, can label subcellular
domains or ablate cells selectively. We are also attempting to trace
neuronal projections in the brains of transgenic zebraﬁsh using
transsynaptic tracers under UAS control. One persistent drawback to
current Gal4-mediated methods is silencing of transgene expression
through methylation of the commonly used multicopy UAS. We have
devised a dual reporter system to assess transcriptional activation of
UAS sequence and copy number variants in transgenic zebraﬁsh,
independent of chromosomal context. With an optimized UAS,
transgene variegation will be mitigated, and high levels of Gal4
regulated expression achieved.
doi:10.1016/j.ydbio.2008.05.367
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Genomic imprinting is a mammalian-speciﬁc phenomenon
whereby one of the two parental alleles is expressed. Monoallelic
expression is frequently associated with parent of origin-speciﬁc DNA
methylation and histone modiﬁcations. In mouse, the imprinted gene
Rasgrf1 is expressed solely from the paternal allele in a some tissues
while in other tissues it is expressed from both parental alleles.
Paternal allele-speciﬁc DNA methylation of the RasDMR is inherited
from sperm. We have investigated the relationship between DNA
methylation patterns and expression patterns at Rasgrf1 during
development. Our results demonstrate that paternal allele-speciﬁc
methylation is retained in the blastocyst, indicating that differential
methylation of the RasDMR can serve as the primary imprinting
mark for Rasgrf1. In addition, we observed paternal allele-speciﬁc
methylation in the placenta and head of 8.5 dpc embryos, illustrating
that both embryonic and extraembryonic tissues maintain the
imprinting mark. Furthermore, we found paternal allele-speciﬁc
methylation in all neonatal tissues examined, including tissues that
have been reported to have monoallelic, biallelic and no expression
of Rasgrf1. We conclude that while DNA methylation may play a role
in marking the transcriptionally active paternal Rasgrf1 allele, it is
not sufﬁcient to induce monoallelic expression since tissues with
biallelic expression also display paternal allele-speciﬁc methylation
of the RasDMR. We are currently investigating the role histone
modiﬁcations play in differentiating between the maternal and
paternal Rasgrf1 alleles.
doi:10.1016/j.ydbio.2008.05.368
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CTCF is a multifunctional nuclear factor involved in epigenetic
regulation. Despite recent advances that include the systematic
discovery of CTCF binding sites throughout the mammalian genome,
the in-vivo roles of CTCF in adult tissues and during embryonic
development are largely unknown. Using transgenic RNA interference,
we depleted maternal stores of CTCF from growing mouse oocytes,
and identify over a thousand misregulated genes. Moreover, CTCF
depletion causes meiotic defects in the egg, and mitotic defects in the
embryo. Embryonic defects are accompanied by defects in zygotic
gene expression, and culminate in apoptosis. Maternal pronuclear
transfer and Ctcf mRNAmicroinjection experiments indicate that CTCF
is a mammalian maternal effect gene whose roles in meiotic ma-
turation and early embryonic development are independent. This is
the ﬁrst study detailing a global and essential role for CTCF in mouse
oocytes and preimplantation embryos.
doi:10.1016/j.ydbio.2008.05.369
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The dual function of embryonic stem cells (ESC) requires them
not only to form new stem cells through self-renewal but also to
form lineage-committed cells through differentiation. In self-renew-
ing cells, the transcription factors Oct4, Sox2 and Nanog function as
a feedforward circuit to promote a gene expression program
supporting pluripotency. We have found that Tcf3, a member of
the WNT-regulated TCF/LEF family of transcription factors, is
necessary to counteract the effects of the Oct4/Sox2/Nanog factors
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